The construction of buildings has a very important impact on the environment, and the process of manufacturing and transporting of building materials, and installing and constructing of buildings consumes great energy and emits large quantity of greenhouse gas (GHG). The present paper defines four sources of GHG emissions in building construction, which are: manufacture and transportation of building materials; energy consumption of construction equipment; energy consumption for processing resources; and disposal of construction waste, and then establishes the calculation method of GHG emissions. This paper presents a case study of GHG emissions in building construction in Hong Kong.
Sources of GHG emissions in this study
Within the system boundary as defined in Fig.1 , we summarize four sources of GHG emissions in the construction of buildings, which are as follows:
 Manufacture and transportation of building materials;  Energy consumption of construction equipment;  Energy consumption for processing resources;  Disposal of construction waste.
For calculation, they are divided into six parts as follows:
(i) Embodied GHG emissions of building materials, which are GHG emissions due to energy consumption for manufacture of building materials before transporting to construction sites;
(ii) GHG emissions from transportation for building materials, which are GHG emissions due to fuel and energy consumption for transporting building materials to construction sites; (iii) GHG emissions from fuel combustion of construction equipment; (iv) GHG emissions due to electricity used for construction equipment; (v) GHG emissions due to electricity used for processing fresh water and sewage; (vi) GHG emissions from fuel combustion of transportation for construction waste. 
Calculation for GHG emissions in building construction

Embodied GHG emissions of building materials
We used formula (1) to calculate the embodied GHG emissions of all building materials. ( 1 ) where: i E is the total embodied GHG emissions of all building materials (in tons CO 2 -e) (CO 2 -e: CO 2 -equivalent); i j M is the amount of building material j (in kg); and i j f is the GHG emission factor for building material j (in kg CO 2 -e/kg). Based on CO 2 emission factors of building materials in former literature, GHG emission factors of building materials can be calculated by some method, such as the method in Tab. 6 . Tab.6 also shows the GHG emission factors of some building materials.
GHG emissions from transportation for building materials
We used formula (2) to calculate the GHG emissions from fuel combustion of transportation for building materials 1000 / ) ( (2) where:
ii E is the total GHG emissions from fuel combustion of transportation for all building materials (in tons CO 2 -e);
ii j M is the amount of building material j (in tons); l j T is the total distance of transportation for building materials j by land (in km), while s j T is the total distance of transportation for building materials j by sea (in km); and ii l f is the GHG emission factor for transportation by land (in kg CO 2 -e/ton·km), while ii s f is the -8 -GHG emission factor for transportation by sea (in kg CO 2 -e/ton·km). GHG emission factors for transportation by land and by sea are shown in Tab.2 for reference.
GHG emissions from fuel combustion of construction equipment
We used formula (3) to calculate the GHG emissions from fuel combustion of construction equipment.
/
where:
iii E is the total GHG emissions from fuel combustion of construction equipment (in tons CO 2 -e);
iii j F is the amount of fuel j consumed by construction equipment (in litres); and iii j f is the GHG emission factor for fuel j consumed by construction equipment (in kg CO 2 -e/litre).
GHG emission factor is calculated by: emission factor of CO 2 for fuel j + emission factor of CH 4 for fuel j × GWP of CH 4 + emission factor of N 2 O for fuel j × GWP of N 2 O (GWP: global warming potential).
For diesel, GHG emission factor = 2.614+0.0239×21/1000+0.0074×310/1000 = 2.6168 (kg CO 2 -e/litre), in which the emission factor of CO 2 , emission factors and GWP of CH 4 and N 2 O are referenced by EPD & EMSD [21] .
GHG emissions due to electricity used for construction equipment
With reference to EPD & EMSD [21] , we can calculate the GHG emissions due to electricity used for construction equipment by use of formula (4).
/
where: iv E is the total GHG emissions due to electricity used for construction equipment (in tons CO 2 -e); j E is the quantity of purchased electricity from power company j (in kWh); and iv j f is the emission factor for power company j (in kg CO 2 -e/kWh). While it has a territory-wide default value of 0.7 kg/kWh in Hong Kong [21] , 
GHG emissions due to electricity used for processing fresh water and sewage
Also with reference to EPD & EMSD [21] , we can calculate GHG emissions due to electricity used for processing fresh water and sewage by use of formula (5) .
where: v E is the GHG emissions due to electricity used for processing fresh water and sewage, which is measured by CO 2 equivalent (in tons CO 2 -e); and  is the assumed percentage of the fresh water consumed that will enter the sewage system.
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GHG emissions from fuel combustion of transportation for construction waste
We used formula (6) 
Total GHG emissions in the building construction
The total GHG emissions in the building construction can be calculated by formula (7).
Case study: One Peking
Project description
The practical case, One Peking, is a commercial building in Hong Kong, of which the construction and the building materials used in the construction of One Peking are shown in Tab.6. In Tab.6, the distances from country of origin of the building materials to One Peking construction site are with reference to EMSD [24] , except for the ready mix concrete which is assumed as 20 km. The quantity of ready mix concrete and reinforcement bars and the total quantity of all building materials are definite, which are in EMSD [24] . While the quantities of other building materials are not available according to reference [24] , they may be calculated by the proportion of the building material (imported quantity of the . In Tab.6, CO 2 emission factor is referenced by Andrew [22] and González and Navarro [9] , and GHG emission factor is adjusted by reckoning in CH 4 and N 2 O, using the statistical data in EEA [23] , wherein for 28 countries in Europe, for public power, production processes and road transport categories, CH 4 and N 2 O account for 0.0144% and 0.0219% of CO 2 , and the global warming potential of CH 4 and N 2 O is 21 and 310 [21] . But for timber, because the proportion data of CO 2 emission from manufacture of timber and absorption during the wood growing to maturity are unknown, the GHG emission factor of timber is still valued as -1.141.
Fuel, electricity and water use and solid waste generated in the construction site over the -12 - construction period of One Peking are shown in Tab.7. The data will be used for calculation of GHG emissions later.
GHG emissions calculation 4.2.1 Total GHG emissions
Using formula (1)- (7) above, we can get the six parts GHG emissions and the total GHG emissions in the building construction of One Peking (shown in Tab.8).
Embodied GHG emissions of building materials by specific element in the construction of One Peking are shown in Tab.9.
Monthly GHG emissions
By the calculation method and assumed values in Tab.8, we can get the monthly GHG emissions in the construction of One Peking for E iii -E vi (as unavailable monthly data for E i and E ii ), which is shown in Fig.3 .
Evaluation of the method used
From Tab.11, we can find that, GHG emission intensity from residential buildings is larger than that from office buildings, and that from buildings with SRC structure is much lager than that from buildings with RC structure, and that calculated by EIO analysis-based method is much larger than that calculated by process-based method. Thus, the GHG emission intensity in the construction of the case building-One
Peking that is an office building with RC structure, which is calculated by process-based method, must be smaller than 715 kg CO 2 
Analysis of the emissions in this case
Analysis of total GHG emissions
The percentage of six parts of the total GHG emissions of One Peking is shown in Fig.4 . From Fig.4, we can see that, for using recycled reinforced steel and aluminum, 90.0% of the total GHG emissions are due to manufacture and transportation of building materials, wherein 81.6% are from the embodied GHG emissions, and 8.4% are from the transportation; 8.6% of the total GHG emissions are due to the energy consumption of construction equipment; about 1.3% are due to disposal of construction waste; and only 0.1% are due to energy consumption for processing resources. Whereas for using virgin reinforced steel and aluminum, 92.8% of the total GHG emissions are due to manufacture and transportation of building materials, wherein 86.7% are from the embodied GHG emissions, and 6.1% are from the transportation;
6.2% of the total GHG emissions are due to the energy consuming of construction equipment; about 0.9% are due to disposing construction waste; and only less than 0.1% are due to energy consuming for processing resources;
The result indicates that, whatever for using recycled materials or virgin materials, manufacture and -14 -transportation of building materials and energy consumption of construction equipment contribute the most of GHG emissions in building construction. Furthermore, using recycled materials reduces 5.1% of GHG emissions due to manufacture of materials than using virgin ones. Thus, we can conclude that, by using recyclable building materials, transporting building materials by sea, and adopting energy-saving construction technology, we can make lower GHG emissions in building construction.
Analysis of embodied GHG emissions of building materials
From Tab.9 we can see that, manufacture of virgin reinforced steel and aluminum in One Peking releases 6,329.75 tons GHG emissions more than that of recycled reinforced steel and aluminum. While embodied GHG emissions of concrete account for 77.89% by using recycled reinforced steel, GHG emissions from manufacture of reinforced steel account for 41.19% by using virgin reinforced steel.
Moreover, embodied GHG emissions of concrete and reinforced steel account for 93.99% -95.11% of those of all building materials. This result indicates that using recycled building materials, especially reinforced steel, can decrease the GHG emissions by a considerable amount.
Analysis of monthly GHG emissions
From Fig.3 , we can see that GHG emissions both in the beginning and in the ending several months of the project can be regarded much smaller than those in the middle months. The result confirms our expectations and is not surprising.
Conclusions
- 15 - We conducted this study to identify the scope and sources of GHG emissions in building construction, which are manufacture and transportation of building materials, energy consuming of construction equipment, energy consuming for processing resources and disposing construction waste.
For calculation, we divided these four sources into six parts, and then established the calculation method of each part.
By analyzing of the results of GHG emissions in construction of the practical case, One Peking, we found that almost 98.6% -99.2% of the total GHG emissions in building construction come from manufacture and transportation of building materials and energy consumption of construction equipment, wherein 81.6% -86.7% are from the embodied GHG emissions of building materials, 6.1% -8.4% are from the transportation for building materials, and 6.4% -8.6% are due to the energy consumption of construction equipment. The result indicates that, by using recyclable building materials, transporting building materials by sea, and adopting energy-saving construction technology, we can reduce GHG emissions in building construction to a significant degree.
Furthermore, by comparing of GHG emissions from manufacture of virgin reinforced steel and aluminum and those from manufacture of recycled reinforced steel and aluminum in One Peking, we found that, embodied GHG emissions of concrete and reinforced steel account for 93.99% -95.11% of those of all building materials; and using recycled building materials, especially reinforced steel, would decrease the GHG emissions by a considerable amount.
Finally, from the result of monthly GHG emissions in the construction of One Peking, we found that GHG emissions both in the beginning and in the ending several months are much smaller than that in the middle months, which confirms our expectations.
-16 -Additionally, further research would be conducted on the GHG emissions calculation for other stages of the case building-One Peking, such as operation, maintenance and demolition, which could be a meaningful comparison with the results in this paper. 
Tab.1: GHG emissions sources in building construction included in previous studies
Literature sources in chronological order Included GHG emissions sources 
